In cells of Saccharomyces cerevisiae grown with glucose in standing cultures, the microsomal fraction had the highest specific activity for acetyl-coenzyme A synthetase and contained the greatest fraction of the total activity regardless of when the cells were harvested during growth. The addition of acetate did not affect the distribution of the enzyme, nor did subsequent aeration of such cells in phosphate buffer even in the presence of glucose, acetate, or succinate. In cells grown aerobically, however, the microsomal fraction had the highest specific activity and the greatest fraction of the total activity only until the cells reached the stationary phase. After this time, most of the activity was associated with the mitochondrial fraction. Finally, 3 or 4 days after inoculation, this fraction appeared to lose most of the enzyme to the microsomal and soluble fractions. Chloramphenicol, at concentrations that interfered with respiration but not with fermentation, prevented the association of acetyl-coenzyme A synthetase with the mitochondrial fraction in aerated cells, but it did not appreciably affect the large increases in enzyme activity observed during aerobic incubation. Cells grown with glucose under strict anaerobic conditions contained barely detectable amounts of acetyl-coenzyme A synthetase.
The formation of acetyl-coenzyme A (acetylCoA) from acetate is known to follow one of two routes (13) . In many bacteria, the activation of acetate involves the formation ofacetyl phosphate and the subsequent transfer of the acetyl group, via the enzyme phosphotransacetylase, to CoA. The direct formation of acetyl-CoA via the enzyme acetyl-CoA synthetase has been reported in Rhodospirillum rubrum (10) , Euglena gracilis (1) , yeasts (4, 14) , and higher plants and animals (1, 3, 5, 6, 11, (18) (19) (20) 22) .
No evidence concerning the probable intracellular location ofthis enzyme has been presented to date in reports dealing with acetyl-CoA synthetase in microorganisms. However, Millerd and Bonner (18) , working with various plant sources, reported that mitochondrial preparations of oat seedlings and of avocados had about five times the specific activity found in whole spinach leaves. Furthermore, they observed no activity in the extrarnitochondrial fractions of these same tissues. Similarly, evidence for the mitochondrial localization of this enzyme in animal cells has also been presented by several investigators. Hele (11) studied the enzyme from beef heart mitochondria. Carey and Greville (6) reported that the mitochondrial fraction of chick embryos was comparatively rich in this enzyme; Schuberth (20) found that in the rat brain the mitochondrial fraction had the highest specific activity. In a series of recent papers, Webster (22) reported the purification and crystallization of the enzyme from bovine heart mitochondria.
During studies on the subcellular sites of enzymes involved in lipid synthesis in Saccharomyces cerevisiae, we obtained indirect evidence' suggesting that acetyl-CoA synthetase was present in the "microsomal" fraction of the cells (16) . The cels used in those studies were grown in standing cultures, harvested, washed, and then aerated for 2.5 hr before being used in cell-freeextracts [since these cells (15) proved to be most active in lipogenesis]. In this paper, direct assays were performed for the enzyme in such cells. Furthermore, it was of interest to determine whether the intracellular distribution of the enzymes was constant under various conditions of growth. There are large differences between the specific activity of this enzyme in anaerobically and aerobically grown cells. In addition, the data suggest that during aerobic, but not anaerobic, growth on glucose, the enzyme moves from the microsomal fraction into the mitochondrial fraction. Finally, it appears that the enzyme leaves the mitochondria when the cells become older, but while they are still viable.
MATERIALS AND METHODS
Organism used and preparation of cellular fractions. S. cerevisiae strain LK2G12 was used throughout this study. Cells were grown in a medium containing 2% peptone, 2% glucose, and 1% yeast extract. In this medium, the carbon source limits the final yield of cells up to a glucose concentration of about 4%. Aerobic cells were obtained by inoculating 500 ml of medium per 2-liter flask and incubating at 30 C on a rotary shaker. Strictly anaerobic cells were grown in 2-liter flasks containing 1.7 liters of medium, which included 3 mg of ergosterol and 3 mg of oleic acid. The flasks were autoclaved, then immediately gassed with nitrogen, and incubated with a bunsen valve. Standing cultures were grown as above, but without added ergosterol or oleic acid, and were not gassed with nitrogen. Further information on the cultivation, harvesting, washing, and disruption (by using a French pressure cell) of cells has been given previously (15) (16) (17) . The disrupted cells were centrifuged at 3,300 X g for 10 min to sediment the whole cells and debris, and then at 15,000 X g for 30 min to sediment a pellet herein referred to as the "mitochondrial" fraction. The supernatant fluid from this procedure was then centrifuged at approximately 100,000 X g for 60 min to obtain the microsomal (17) and soluble supematant fractions.
Assay of acetyl-CoA synthetase. The method of
Berg (4) (14) used potassium fluoride, presumably to inhibit adenosine triphosphatase activity, when they originally described this enzyme from yeast, but in our preparations it was unnecessary. The addition of fluoride at the concentration used in their investigations (50 mM) inhibited acethydroxamic acid formation by about 25% (Fig. 1) . We added inorganic phosphate because relatively high concentrations increased the rate of color formation (Fig. 2 ). An optimal concentration (0.1 M) doubled the rate. Glutathione, although not required for the reaction, was added because it was somewhat stimulatory. Under the conditions of the standard assay, the reaction proceeds at a linear rate for at least 60 min provided the rate of acethydroxamate production is kept below 16 nmoles/min. The zero-order kinetics allowed ready comparisons to be made between different preparations.
Distribution of enzyme in cells grown anaerobically, aerobically, and in standing cultures. Cells from standing cultures (harvested after 48 hr of incubation) have been used in many of our previous investigations; earlier experiments (16) involving an indirect assay suggested that the enzyme was present in the microsomal fraction. This fraction did indeed have the highest specific activity (Table 1) . Also, about three-fourths of the total activity of these extracts was found in this fraction, with only minor amounts in the mitochondrial and supernatant fractions. Essentially, the same specific activities and distribution of enzyme activity were found in cells grown in standing cultures whether they were aerated for 2.5 hr after they were harvested (15), a procedure we have routinely used in our studies on lipogenesis. However, when cells were grown under strictly anaerobic conditions for the same length of time, crude extracts had much lower levels of activity. All the fractions from strictly anaerobic cells had considerably lower specific activities than the corresponding fractions obtained from standing Preliminary experiments showed that concentrations of chloramphenicol well below the 4 mg/ ml used by Huang et al. (12) significantly inhibited the respiratory activity of this strain, but had no apparent effect on the growth rate of the cells. In Fig. 4 are shown growth curves of cultures exposed to several concentrations of chloramphenicol up to a maximum of 1,000 Ag/ml. In experiments of this type, it was observed that respiratory rates of this strain of S. cerevisiae were inhibited by about 50% at a chloramphenicol concentration of 400 ,g/ml, and were virtually completely inhibited at about 800 ,g/ml and above. Chloramphenicol had no deleterious effect on the fermentation rates of these cells. Indeed, C02 evolution seemed to be consistently elevated in chloramphenicol-treated cells (Table 3) .
Cells were grown with aeration for a period of 75 hr in two different concentrations of chloramphenicol, one in which respiration was maximally inhibited (800 ,g/mi), and the other in which it was partially inhibited (400 Ag/ml). At various times, samples were removed, washed, and tested for oxygen uptake and for carbon dioxide evolution. Simultaneously, additional samples of each culture were fractionated and assayed for acetyl-CoA synthetase in the major cellular subfractions. Table 3 tabulates the results obtained with whole cells. The initial growth rates of both chloramphenicol-treated cultures were similar to that of the control. Whereas the control culture reached the stationary phase at about 24 hr, growth in the culture containing 400 ug of chloramphenicol per ml slowed down between 24 and 48 hr before reaching the stationary phase; growth in the culture containing 800 ,ug per ml was very slight after the initial exponential phase. The data in Table 3 also illustrate the partial inhibition of respiration at 400 ,ug/ml and the severe inhibition at the higher concentration of chloramphenicol. In addition, the rates of fermentation of cells grown in the presence of chloramphenicol were comparable to those of the control.
When the cells were homogenized and assayed for acetyl-CoA synthetase at the intervals noted, it was observed that chloramphenicol had no pronounced effect on the overall specific activity of the enzyme in the crude homogenates. On the other hand, chloramphenicol treatment caused profound changes in the intracellular distribution of the enzyme. Figure 5 shows the distribution of acetyl-CoA synthetase in the three extracts. In the control, as usual, the bulk of the activity was found in the microsomal fraction until the cells entered the stationary phase. Thereafter, the mitochondrial fraction contained most of the enzyme, and upon prolonged incubation, the enzyme was again found in increasing yields in the microsomal fraction. The cells grown in 400 Mg of chloramphenicol per ml also yielded a mitochondrial fraction rich in this enzyme, but this enrichment was delayed by an additional period of about 24 hr, compared to that of the controls, approximating the delay in reaching the stationary phase. At the chloramphenicol concentration that maximally inhibited respiration, the mitochondrial fraction never accounted for more than a small portion of the total activity of the crude homogenate, whereas the microsomal fraction contained 80 to 90% of the activity throughout the experimental period. DIscussIoN The studies cited here indicate wide variations in the amount and in the cellular distribution of acetyl-CoA synthetase in S. cerevisiae. Cells grown under strictly anaerobic conditions contain barely detectable amounts of the enzyme, as assayed by themethods used in this paper, whereas standing cultures yielded extracts with higher specific activities for this enzyme. In the latter extracts, the microsomal fraction consistently contained most of the total activity, as well as the highest specific activity. This was true regardless of when the cells were assayed over a period of several days. The addition of acetate to such standing cultures also apparently had no effect on Table 2 ). (7, 8) are correct, and chloramphenicol inhibits the mitochondrial protein-synthesizing machinery, our results would indicate that acetyl-CoA synthetase is not synthesized by the mitochondria even in aerobic cells. These investigators contend that chloramphenicol primarily affects the formation of the innermembrane system of the mitochondria of S. cerevisiae, because they found that mitochondrial proffles of chloramphenicol-treated cells contained few or no cristae. Since our data indicate that acetyl-CoA synthetase is not made in the mitochondria, in that its formation is not inhibited by chloramphenicol as are several known inner-membrane enzymes such as succinic dehydrogenase and cytochrome oxidase (8) , one might conclude that the enzyme normally attaches to the outer membrane of mitochondria late in the growth cycle. However, chloramphenicol treatment apparently (8) does not affect the outer membranes of yeast mitochondria, at least as far as their morphological appearance in the electron microscope is concerned. Thus, if this membrane were the normal site of association of acetyl-CoA synthetase, chloramphenicol-treated cells should still yield a mitochondrial fraction rich in this enzyme, and this was not found to be the case. Of course, this contention assumes that in chloramphenicol-grown cells of S. cerevisiae morphologically intact outer mitochondrial membranes are physiologically normal, a point which
has not yet been established. The site of association of acetyl-CoA synthetase with the mitochondrial fraction cannot be identified unequivocally until clean mitochondria are isolated and then are separated into inner-and outermembrane fractions, as has been demonstrated for several mammalian systems (2) .
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